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I ntroduction

The Operational Management Procedure currently tsexdt South African sardine and anchovy total
allowable catches and sardine bycatches, OMP-04 rexased in early 2005. This was in response to a
Supreme Court of Appeal ruling which referred thatter of the distribution of the pelagic TAC foeth
2005 season back to the Department for fresh dataetion. This document details the modifications
made to OMP-04 and provides the science behindeweion. It should be read in conjunction with
Cunningham and Butterworth (2004a), which detal®dP-04 as agreed by the Marine and Coastal
Management Pelagic Working Group in June 2004, @adningham and Butterworth (2004b) which

contains the finalised rules governing excepti@iraumstances.

Preferred Ratios

The opportunity accorded to rights holders in tleagic industry to revise their preferred sardine-
anchovy ratios at the beginning of 2002 resultecrinoverall shift towards a greater preference for
directed sardine quotas at the expense of anchaatasg (De Oliveira, 2003). Such a request reslted
an overall move towards a greater average diresdedine TAC on the OMP-02 trade-off curve at the
expense of a much larger proportional reductiothefaverage anchovy TAC. Had these revisions been
accepted in their entirety, it appeared at thaetihat the anchovy resource would have been wélgtefu
under-utilised. A cap was consequently imposedhenextent to which the individual rights holders
could change their preferred ratio (De OliveiraD20 Ultimately, the preferred ratios of the indival
rights holders were only allowed to change by aimam of 20% in favour of sardine (unrestricted

changes in favour of anchovy were allowed).

Updated and additional data were used in the agetsin of OMP-04, resulting in a change in the ¢rad
off curve towards greater average directed sardim anchovy catches, for the same set of preferred
ratios as used in OMP-02 (Figure 1). Following 8upreme Court of Appeal ruling in late 2004, itswa
decided to retest the effect of the cap on theeasigd change to the individual rights holders’ emeid
ratios. This shifted the OMP-02 trade-off choigeand leftward on the curve of Figure 1, so that th

corresponding change to the projection line yieldadvised trade-off choice on the OMP-04 curve (se
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Figure 2). From the comparison of the original aedised trade-off choices in Figure 2, it was
considered that the revised scientific perceptminthe status of the sardine and anchovy resources
allowed the revised preferred ratios as originafigjuested to be fully honoured, without undue under

utilisation of anchovy.

In addition to this removal of the cap, the opportyuwas taken for the remaining unallocated prapar

of percentage rights in the fishery (held for apgei@ be allocated pro-rata.

Updated Trade-off Choice on the Trade-off Curve

These changes result in new control parameter®kdP-04 (Table 1) and a new trade-off point on the

OMP-04 trade-off curve. The average directed sar@iAC increases as a result of this change frobn 37

to 375 thousand tons, while the average anchovy @&€eases from 308 to 299 thousand tons (Figure
2). This decrease in the average anchovy TAC upled with a reduction in sardine bycatch, and thus
the increase in the average directed sardine TA&S dmt result in an increase in risk to the sardine
resource. (This is because the trade-off curustilhtes the average trade-off between directatingar

and anchovy catchder the same level of risk.)

Individual rights holders are now receiving alldoas in exact relation to the revised preferredliser

anchovy ratios they requested in early 2002.

Discussion

This document has described the reasons for arm@gsdollowed to revise the Operational Management
Procedure for South African sardine and anchovy,P3M, in February 2005. This revision is a
consequence of individual rights holders now raogivhe full extent of the change they requested in
their preferred ratios in early 2002, together witib pro-rata distribution of the remaining unaditex
proportion of rights in the pelagic fishery. Thaes governing OMP-04 and the data required for

implementing the OMP are detailed in the appendix.
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Table 1. Parameters and constraints in OMP-02 and OMP-04, showing the change in the control

parametersin OMP-04 given the update recorded in this paper.

Control Parameter OMP-02 OMP-04 Revised OMP-04
B directed sardine control parameter 0.1865 0.14387 15148
qs directed anchovy control parameter 0.16655 0.72858 0.69382
for normal season
@ s directed anchovy control parameter 0.99956 1.45716 1.38764
for additional season
Constraints OMP-02 OMP-04 Revised OMP-04
TABS,; fixed annual adult sardine bycatch 10 000t 10 000t 10 000t
r
cS maximum proportion by which 0.2 0.15 0.15
mcn directed sardine TAC can be annually
reduced
cA maximum proportion by which 0.3 0.25 0.25
mcn normal season anchovy TAC can be
annually reduced
cS t minimum directed sardine TAC 90 000t 90 000t 90t000
mntac
CAt minimum directed anchovy TAC 150 000t 150 000t 0B0t
mntac
Cfm maximum directed sardine TAC 250 000t 500 000t GO
ac
Cn':\xt maximum directed anchovy TAC 600 000t 600 000t 600t
ac
CfS 2-tier break for directed sardine TAQ N/A 240 000t 240 000t
ler
CtA 2-tier break for directed anchovy TAC N/A 330 000t 330 000t
ler
cmsA maximum increase in normal season 150 000t 200 000t 200 000t
ine anchovy TAC
caUsA maximum additional season anchovy 100 000t 150 000t 150 000t
nxinc TAC
TABS maximum sardine bycatch during the 2 000t 2 000t 2 000t
as | additional season
BS threshold at which exceptional 150 000t 250 000t 250 000t
&« circumstances are invoked for sardine
BA threshold at which exceptional 400 000t 400 000t 400 000t
& circumstances are invoked for
anchovy
Fixed Controls OMP-02 OMP-04 Revised OMP-04
1o) ‘scale-down’ factor on initial anchovy 0.85 0.85 0.85
TAC
p weighting given to recruit survey in 0.7 0.7 0.7
anchovy TAC
q relates to average TAC under OMP99 300 300 300
Yy conservative initial estimate of 0.1 0.1-0.2 (egn. A.5) 0.1-0.2 (egn. A5

juvenile sardine : anchovy ratio
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Figure 1. The trade-off curves used for OMP-02 and OMP-04. The projection line, obtained using the
control valuesin OMP-02, was used to indicate where the new trade-off selection of OMP-04 lay. (Note
that the OMP-04 trade-off curve is updated from that in Cunningham and Butterworth (2004a) to allow
for a greater maximum in average anchovy catch due to the exceptional circumstances rules finalised in
Cunningham and Butterworth (2004b).)
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Figure 2. The trade-off curve for OMP-04, showing the projection line used after the removal of the cap
on the requested change to the preferred sardine-anchovy ratios, and the subsequent revised trade-off
selection under OMP-04. The lower panel shows a magnified area of the upper panel.
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Appendix: OMP-04 Rulesand Required Data

The convention in this appendix is to index therug#s corresponding to the month in which the

recruitment estimate applies. Thus the predicteduits in May in yeary, N;,r , 1=S,A, relate to the

model-predicted recruitment in November of ygar1, N,_,,. In addition catches-at-age are given in

this appendix in numbers of fish (in billions), whas the TACs, TABs and observed biomass are given

in thousands of tons.

OMP-04 (Harvest Control Model)

Sardine and anchovy total allowable catches (T/As@sl) sardine total allowable bycatches (TABSs) ate se

at the start of the year and the last two are eeMifuring the year.

Initial TACs/ TAB (January)
The directed sardine TAC and initial directed angh®AC and TAB for sardine bycatch are based on
the results of the November spawner biomass sur¥égse catch limits are announced prior to the sta

of the pelagic fishery at the beginning of eaclryea

The directed sardine TAC is set at a proportiothefprevious year’'s November spawner biomass index
of abundance, but subject to the constraints ofrénmam and a maximum value. If the previous year’s

TAC is below the ‘two-tier’ threshold, then the TA€ subject to a maximum percentage drop from the
previous year's TAC. If it is above this threshadahy reduction is limited only by a lower boundtioé

corresponding threshold less this maximum percentagp.

The directed anchovy initial TAC is based on how thost recent November spawner biomass survey
estimate of abundance relates to the historic 2p4) average. In the absence of further inforomati
which will become available after the May recruitrhsurvey, this initial TAC assumes the forthcoming
recruitment (which will form the bulk of the catchl)ill be average. A ‘scale-down’ facto®), is
therefore introduced to provide a buffer againgsae poor recruitment. The anchovy TAC is subjec

to similar constraints as apply for sardine.

The initial sardine TAB consists of two componente first component, consisting of mainly juvenil
sardine, is proportional to the anchovy TAC. Tbkeand, consisting of mainly adult sardine, is a&dix

tonnage to make allowance for bycatch with roundimg.

Directed sardine TAC: TAC, = B BJ | nov (A1)

Subliect to max{(l-c3 JTACS,, ; e} < TACS < €S TACS, <C3, o

u Jec 0. 1_ S S < TACS < S TACS > S ( ' )
medn ier = y — metac y-1 Ctier

7
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B
Initial directed anchovy TAC:  TAC;*=a,,Jq [ p+(1- p)yg—iN"VJ (A.3)
Nov
_ max{(L - cAq, JTAC?A ;cA ) < TACH < cA,. TACA <ch
Subject to: N A e a° N (A.4)
1_medn Ciier s TACy’ s Crxtac TACy’—1 >Ctier
Initial sardine TAB: TAB;® =y, TAC;” +TABS (A5)
where: y, =01+ 01

1+ ex;{— 011 0.00024BS , ,, - 200 j

In the above equations we have (see Table 1 fedfoontrol parameters and constraint values):

£ - a control parameter reflecting the proportiontioé previous year's November spawner
biomass index of abundance that is used to setitbeted sardine TAC.

ByS’NO\, - the observed estimate of sardine abundancé@usands of tons) from the hydroacoustic
spawner biomass survey in November of ygar

BQNO\, - the observed estimate of anchovy abundancéginstinds of tons) from the hydroacoustic
spawner biomass survey in November of ygar

B, - the historic average index of anchovy abunddram® the spawner biomass surveys from

November 1984 to November 2003, of 2149.15 thousamsl

a s - a control parameter which scales the anchovy Té\@eet target risk levels for sardine
and anchovy.
0 - a ‘scale-down’ factor used to lower the initedchovy TAC to provide a buffer against

possible poor recruitment.

p - the weight given to the recruit survey compormthpared to the spawner biomass survey

component in setting the anchovy TAC.

q - reflects the average annual TAC expected unddP@® under average conditions if
a. =1

TABS - the fixed tonnage of adult sardine bycatch seteafor the round herring fishery each year.

Yy - a conservative allowance for the ratio of julesiardine to juvenile anchovy in subsequent
catches.

Co - the maximum proportional amount by which thesdied sardine TAC can be reduced from

one year to the next.
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Crcein - the maximum proportional amount by which thenmal season directed anchovy TAC can
be reduced from one year to the next (note thattitional season anchovy TAC is not
taken into consideration in this constraint, whimdnsequently depends oTACi’_/i, not
TAC - see below for formulae for these quantities).

Cooe - the minimum directed TAC that may be set fodsae.

Ch e - the minimum directed TAC that may be set fortawy.

Coac - the maximum directed TAC that may be set fodige.

Ch e - the maximum directed TAC that may be set fohangy.

The fixed input value ofp= 0.7 reflects the greater importance of the incomingruiés in the year’s

catch relative to the previous year’'s spawner besnsurvey. Earlier OMPs used a fixed value of
0 =0.7 to reflect the assumption that 70% of the final(OOAo be expected in the case of average
recruitment would be caught by the time the revis&&€ is announced (Butterworth et al., 1993). For
OMP-02 this control parameter was increased to th88flect the industry’s desire for greater ‘uprt’

TAC allocation for planning purposes, even if timeant some sacrifice in expected average TAC td mee
the same risk criterion (De Oliveira, 2003). Altlyln g = 300is based on an old OMP, the value is not

adjusted here. This was to facilitate easy corsparbetween the outputs from OMP-04 and OMP-02 by

stakeholders.

Revised TACs/ TAB (June)

The anchovy TAC and sardine TAB midyear revisiores lzased on the most recent November and now
also recruit surveys. As an estimate of recruitmigmow available, the ‘scale-down’ factad,, is no
longer needed to set the directed anchovy TAC. aduitional constraints include restricting the amto

by which the revised anchovy TAC may exceed th&ainanchovy TAC (because of limitations in
industry processing capacity) and ensuring thatréwsed anchovy TAC is not less than the initial

anchovy TAC.

The revised sardine TAB is calculated using anredg of the ratiory, of juvenile sardine to anchovy,

provided this ratio is larger thap, , which was used to set the initial TAB.

A A

N/ B,
Revised anchovy TAC: TAC2" =@, q| p=> +(1- )L (A.6)
y-1recO BNov

Subiject to:
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ma>{(1— cAdn)TAC o ;TAC&A;c,fmac} < TAC}* < min{c,’ij;TA@A + cr’r‘;ﬁc} TAC) <cfy
MaxTAC; " {L-cha i ] < TACH < min{c,fmac;TAC)l/A +CMA TACZY >ciy
(A7)
Revised sardine TAB: TABZ® = ATAC;” +1, (TAC2" ~TAC;") + TAB (A.8)
Where: A=max{y,,r,}

Note that by constructioAB?® > TAB;® as A=y, and TAC* =TAC;”. In addition to the previous

definitions, we have:

Nf_lreco - the simulated estimate of anchovy recruitmennfrthe recruitment survey in year,
back-calculated to 1 Novembegr— kly taking natural and fishing mortality into acobu
calculated using equation (A.9).

Nf_lreco - the average simulated estimate of anchovy reweuit at the beginning of November from
1984 toy — 2 calculated using equation (A.10).

c - the maximum amount by which the anchovy TAC llsveed to be increased within the
normal season.

r - the average of the juvenile sardine to anchovy ratithe commercial catches in May and

in the recruit survey, in yeay , calculated using equation (A.11).

The observed\lﬁrec is back-calculated to November of the previous ,yassuming a fixed value of 0.9

year™ for M/, :

A _ A 05(1+t) )09/12 A [5+05(1+t5 )]09/12
N y-LrecO — (N y,rece g + Cy,Obs) € ! : (Ag)

The average recruitment excludes the most recemtigeorder that the most recent year is compased t

the ‘independent’ historic average:
_ 1 y=2
NA ——— YN} (A.10)

~1rec0 — ' reco
T y-1-1984 S5, T

In the above equations we have

CQObS - the observed anchovy landed by number (in bifjdrom the T of April to the day before
the recruit survey commences in ygaall assumed to be 0-year-old fish.

tf - the timing of the anchovy recruit survey in yggnumber of months) relative to th& af
May that year.

10
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In calculating the ratio of juvenile sardine to haey “in the sea” during Mayr, , only the commercial
catches comprising at least 50% anchovy with serdigcatch were considered. The ratip is
calculated as follows:
1 (P N (A.11)

wherer denotes the observed ratio in the May recruitegandr denotes the observed

y,sur y,com

ratio from the commercial catches in May.

Final TACs/ TABs (the anchovy additional sub-season from September)

The final anchovy TAC is adjusted from the reviSede TAC to achieve better utilisation of the angho
resource later in the year when the anchovy andnijler sardine no longer shoal together in large
quantities. The sardine TAB is increased by a ktbahage. This increase is the minimum of a fixed

tonnage ory, of the difference between the anchovy revisedfinad TACs.

Because the anchovy additional sub-season is restecompletely separate from the anchovy normal

season, the anchovy TAC and sardine TAB actualpfieg during the sub-season &AC>* ~TAC*

and TAB® —~TAB?® respectively.

NA BA

. . A ~1recO -1,N
Final anchovy TAC: TACI =a g, 4| p=2——+(1-p) yEA o (A.12)
y—-2,recO Nov

Subject to: Max{TAC* ; Ciac} < TACH* < min{cy, . ; TACI" +cioc} (A.13)

Sardine 3 TAB: TABSS =TABZ® +min{ TABS, ; y, (TACS* ~TACZ) } (A.14)

We also define the following (see Table 1):

a age - a control parameter which scales the anchovy Té\@heet target risk levels for sardine
and anchovy.

cadsA - the maximum amount by which the anchovy TAC lievéed to be increased within the
additional sub-season.

TABS, - the maximum fixed tonnage of juvenile sardinedigh set aside for the anchovy additional

sub-season each year.

Exceptional Circumstances
Sardine directed TAC

Exceptional Circumstances for the sardine diret®@ apply if:

11
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S
By—:L Nov

< 250000tons
in which case the TAC under Exceptional Circumstaris calculated as follows:
S

2

B - Vv

TACS =TAC] | L2 (A.15)
250

whereTAC, is calculated using equation (A.1).

Initial Anchovy TAC

Exceptional Circumstances for the initial anchoWCTapply if

BA

y-1Nov < 400000tons

in which case the TAC under Exceptional Circumstaris calculated as follows:

. B)IIA—:LNOV
| — <
0 f 025
TACEA 2 400 (A.16)
Y * BA—l,Nov . BA—].,Nov
TAC;Y| ——-x| if 025<——> <1
T 400

where TAC;”" is calculated using equation (A.3).

Revised Anchovy TAC

The results of the most recent November and resuieys are projected forward, taking natural and

A

y,pmj) for the forthcoming

anticipated fishing mortality into account, in orde provide a proxy B
November survey, and hence have a basis for ingokkteptional Circumstances, if necessary. Given

TAC;* from equation (A.6), a projected anchovy bioma§,,, . is calculated as follows:

A — . A TACBZIA* A A -09/2A
By projo = Maxof< 0;l N\ = A —CJ1=Clons € W (A.17)
Oc
A .
CalculateB',,; as follows:
BA e—0.9/4
_ —-1,Nov - X .
By oro _[ : wA _CﬁlJe P+ Blgo (A. 18)
yl
If B)’:p,oj <400000tons, then Exceptional Circumstances apply. The réeswivey result in yeay (in

numbers) that would be sufficient to yieltﬁéfpmj value of exactly 400 000 tons is calculated devs:

A A 09/2 2, Ax
9 = [400_ (By,proj - By,projo)] e + TACy -CA

-CA A. 19
V_VlA W y,0bs ( )

This is back-calculated to November of the previgear in the same way as equation (A.9):

12
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N yA*l,recO @ eo.5(1+t;‘ )09/12 C yA,Obs) e[5+o.5(1+t§‘ )109/12 (A. 20)
The revised anchovy TAC is calculated by reducTdgC> " by the ratio (squared) aFAC* calculated

with the annual recruitment for year to TACyz'A calculated withé, thus providing a means to reduce

the TAC fairly rapidly when the Exceptional Circuiausces threshold is surpassed. The rule allows for
the TAC to be set to zero (or to the initial anch@AC, if greater than zero) if the survey estingate
anchovy recruitment and biomass falls below a guart the threshold:

A 2 BA

07— y 1recO +03 By_—l,Nov 07— y 1recO +03 y_l,Nov
. N2 ¢ But
TACL*; TACZ* b % -025| if 025< yAffeCO <1
07 y:LrecO_’_O.Q ylA,Nov 07 y-1recO +OQBy 1A,Nov
TAC?’A = maxof I\ly 1,recO BNov I\ly 1recO BNov
A
y 1recO y 1,Nov
07— +03—%;
TAC;I/.,A,O |f )'/A*IFQO ANOV < 025
07 — y 1recO + OSBy__JANO\/
y 1recO BNov
(A. 21)

In the above equations we have:

- historical average weight-at-age 1 in the anghidovember survey, 9.412g.
- historical average weight-at-age 2 in the anghdovember survey, 14.054g.

Wg - historical average weight of anchovy fish caufsbim 1 April to 1 November (assumed to be
recruits), 5.649g.

Cﬁl - observed anchovy catch-at-age 1 in ygar

Wﬁl - mean weight of fish correspondingﬁ‘tq/“'l

Final Anchovy TAC

The same procedure as for the revised anchovy BAGlIIowed, except that equation (A.12) is used to

calculate TAC}™, which then replacesTAC; ™ in equations (A.17), (A.19) and (A.20) above.

Furthermore TACS* replacesTAC," andTAC}” replacesTAC;” in equation (A.21) above.

Required Data
The data annually required at the end of a yeawder to set the directed sardine and initial amgho

TACs and initial sardine TAB for the following yeare as follows:

1) November survey sardine spawner biomd&sél(m\,) in thousands of tons.

2) November survey anchovy spawner bioma3$_1(Nov) in thousands of tons.

13



SWG/AUG2005/PEL/10

The data annually required in order to set thesesli(normal season) and final (normal plus addition

season) anchovy TAC and sardine TAB in June afellasvs:
1) Day of commencement of recruit survey (to calcuté‘t)z
2) Anchovy catch from 1 November of previous year|uitiMarch (Cﬁl).
3) Mean weight of fish corresponding co;fl.
4) Anchovy catch from 1 April to day before the commement of the surveﬂﬁom) in billions.
5) Anchovy recruits in numbers from the May recruitay (N2 ).

y,rec

6) Ratio of juvenile sardine to anchovy (by mass)taseoved during the May survey,(, ).

7) Ratio of juvenile sardine to anchovy (by mass)l@seoved in the commercial catches during May

(ry.com), Using only the commercial catches comprisingabfeast 50% anchovy with sardine

bycatch.

14



